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(57) Abstract: The target path of the translation floor reaction ver- 
tical component of a leg type movable robot (1) or of the overall 
barycenter acceleration vertical component of the robot (1) or upper 
body acceleration vertical component is determined, and the target 
vertical position of the overall barycenter of the robot ( 1 ) or of an up- 
per body is determined in such a manner as to cause the translation 
floor reaction vertical component or overall barycenter acceleration 
vertical component or upper body acceleration vertical component 
to conform to this target path (in such a manner as to satisfy the dy- 
namic equilibrium condition for the vertical direction). Since the 
vertical motion of the overall barycenter or the like is determined 
after determining the target path of the translation floor reaction ver- 
tical component or the like, a proper target gait can be produced not 
only in the walking but also in the running of the robot (1). 
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20$ (mm Tsmmiz&K % ±&m&&&m.\zm~r z. 

ffi^ttsSf&fgTG^-* > h ZMPili (ZMPrec) -?-CD<fc 
■25 5 fcjtSJKKJfcSnfc A Z MP(k)St!5fct5. jftf25S; 2 3 £ V>T ± 

&}&mm.7t*-*>bzMvmnm.*mfe'tz>mz. AMrWc« 
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02 6l:ZMPrec O-0J§^t. I2 6t«, 

Ts2 <h©P B 1<D#iP E gi;::fctt3 liZMP A^->©JlTn^©I^^J (Ell 8 

A^-— >(DmJE&ffiM\Zf3i%frt > 7:&Z> 0 j£2 3 (!) A ZMP(k)llZM 
Prec 2:^X^3 Z\ t lC<fc 0 & 3£ 2N# £> *l 5 o 

0 (k ) =- Z M P rec* Fz(k )/A M r -JC24 

l/ft#?T, d©5S;2 4 |8(k)fcJ:> @2 7©iiT^TJ: 

SfcfcS. fccfe, 0 2 7©^Jt/Ttfe0lt B#^i Ts /d^Stl Tm * 

t^5T*, ^a^^Tf*, R#£iJ Ts2 •V<D±i*m^nmm&mm Ts t? 

- x% imj Ts2 -?<D±tegmMmm%mm t s T©±#ig#£iits 
fc— ifc^ii^fefe, mm Ts ^ Ts2 <d ±fommnuamm 3 

mm Tm ^e>p#^ij t S 2 *T©^r«i© &(k)<Dmftm (027 ©m^© 
mm Ts Tm *T<D±#^^^iipjim (jm«® 

22OS 5 0 4-S516 T 19 SB <D <fc o \Zt£V> £ tlS) (D^^iiS (0 2 
7 mv^^tl^Pt^J Tm K:* W-«±-ft:§g5»«jaaEi 

p*aj Ts \z^n^±.w^mnmm<Dm \t- i&§kvrzm\ztzz>&5\z 
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&Y)M : fc&)l t Zte, *^Jfi^l6-Ctt> M2 6©ZMPrec <D#Jg/1*- 

5 ^iit, ±EK#$iJEtSZMPrec C9#^iS£ ( Z M P rec /I ^ 

B 1 SfcElilSgPfc**** Z MP rec <D#^£ £ffl 1 Jg HI 2* & Jt # 15 $» 
t7C : e->>hZMPiII#iil$ acycl 2Mm&&\Z { ) 

*tt§ZMPrec (D^mM £ &fg 2 Mm&m- ±. * > b Z 
10 MPiII#fil$ acyc2 tif^o &*5, % 2 JSe®^ *3 Vf 3 Z M 
Precte, Rf&l Tm2*6 Te £ HTiftS S ft £ # JB/t * - * 
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I$n^E0v mM Tm £ Ts2 £c7)r H 1cD#lF^ 3U*Rf£!J Tm2 t Te 
15 £ <D m<DM miZ& V*T S 5 18 "C#5:5££ft£ Z M P rec A** — >te^:b 

s>&^ (iwi— A^^-^^^^ai^n^) s 5 i 8 ©iiit m 

^^TS 5 2 0 \zm&> k fccmtS-hflsgS^mTn^E — J* > h Z M 

PtlflZMPrec CD ^ Pel {it (4>HHK) ifi. ± IB 0 £ £ < b ft A 9 
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ffl^T3£&£>n3, eitf>^ffite> s 5 o 4 tmm\zft ut>n^>\, 

5 a = atmp- (AMr / A Mp ) * 0 -^2 5 

§^l:S 5 2 8 teil*. _L#7K¥iP5I^_Lf2©#D < a 
Q ^-a-CDBt^J k \Z&tfZ>mfc JlK^-fc ft Fx 7^ Mf25£ 1 7 i^i©^ 
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Fx = mb * a + msup*d2Xsup/dt2 

+ mswg*d2Xswg/dt2 -S2 6 

15 :T <h< ±#*I;!)P 5$^ /3 £ fc^, S 5 2 6IC^^T, S;2 5$fflVifc 
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©_h#7jcSFJPS£m a £ t) j^lB^lb^^^^^^ffl V^T, fi?#rtfJ&£ 
J^±J^ B#^iJk^B#^J Ts Tm CD FbI ^ ^ B# Ts2 5 Tm2 CD 

m±©M:a£R#£iJ Ts2 ST^TUcNf®, mS^7K¥^^ Fx §H 2 

8 ic^-Tc $e>fc, ^K±.(D^m^mn Te ST^iifc^o, 

25 Fx$@2 9 t£, _t#^^^iP7iSj8 £r® 3 0 \Z7jk? . 

±fc^bfeS 4.1 2 ©#lg (±^7K¥iPiimt-h#^l5'^lJP3i^ ; Sr^^ 
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m±fcg^MMmm.<Dft& i b^T, S4 i 2 ©MST^5e$n^>±#:^ 
10 ^^lipji^^-r^^T^^o 

mm Ts, Tm, Ts2 £ <fc Zf Tm2 £ t&fB <D £ £ < V tc M ft > B# 
£ij Tm Ts2 £ ~e<DM m fcWHW Tm2 «b Te * T CD £8 5H £ £ & V> X , 

ftMmm. ftti, mK^TK 5 ?^^ Fx /^1£#$&ffl[Fxmin, 

15 Fxmax] £ @ & V> £ "5 tCf & T & & o Iftn^ Pf£!J Tm £ 
Ts2 CD $3119 £P#£!l Tm2 & Te £T<D#3|ia <h tC43^X«> ^S^tK 

20 Pt^ij ts *v<D±fcmmnmm*mm t s x<D±#:^^^ji^^ 

— Kc^-tir&C: <fc £#*.-f, acycl £ acyc2 5 (acycl = 

acyc2i:bT) , Nf^J Te T CD -hti^l^ t Bf Ts T CD ±#g£i^ 
&m.\Z — ifc$-fr3<fc ^ Id acycl 43 <fctf acyc2 Oi^ftlllTfeS^. 
^V^T0 2 10S 4 1 4tl^, S 4 1 2 T:£& ±<&7K¥*niSg? £ 

25 mfrmftTz mm T* fr*>mtemmk-£~?%mijQW.-tz>) z\£\z&k> 
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S 3 0 4 iZ^T3kfttff&\LL££< fto/t -ttet>lE>mx& mm Te = 
Ts + Tcyc) $Tffitm©4^7Lft5, S3 10fci«f'. S 

•3 iotit ^^ct otdi (Bt^j ts) ±&&mftt®M mm 
ts) ±temm&mm&, ^m^tbrcum^cDm^ mm Te) ±<f£§gf& 
15 ^Jteif «rs»c«EiE$n«. ^o^je«> ±fc5&mMx.zt : toftmmizm 

- (u&m-omffi±&mm&-ut£®<D®m±temmM) /T Cyc 

25 0 
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10 l7C ; &-^>hZMPlIlZMPrec IC^fST 3 -L#§£i££ Jp j$g /I 

mwmm) iz-&?&&o\z&i&t£nT^z><D7?, ^txD^^^fes^ 
20 T^^^e>> £<z>3; 3 3 (Dmm&feft&Qowwfr zmffl^-e 2 mfefr 

+ :&J$_t#s£i££lSig * Tcyc 
25 + ±#:^^^lSPiim© 2 Pg^^ffi 

•••5£ 3 4 
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y 5 -f * -f - ;p fh <o^i*nii^<&p^"r^ c £ £MW{c^«-e&3o 
y ^-r *c-r-;i/ fh ©isi^^^^o i-ss^&ekr, >>w D^m«^^ 

^^-T/fN-r — )\> FH*^^*r^^J«, y -i H^^f — )V FH <£> £l #P 
iiSfc^T^^$n^„ lfc^ oTl _L#: 2 4 ? ^-f FH 

15 mt>-o tcutfy b l lc^ViT«, y ^< fh (DWMMm. - nm 

mffi&'p^ti-D-z'b, my *y-i — )V fh £|s|i;/\ 0 ^-->(D:ftM^ 

##@5£T&£5£ 0 1 > 5t0 2, ^0 3ttt^^fni^i&iiUT^ 
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mm&m • Ammizfc&iste ?tzt>t>. 5^3 4\z&wz±fc5g 
fi&u&^<Dmii%±fcgmft\ztiL*Dtz<D-c&z>fr<o, z\<Dmm&7£.3 a 

10 

+ ^^<£>$$±#§£i£*$i£m * Tcyc 

-5£ 3 5 

15 zn<k K) . 

-tiL&m-owmAiwmmftmm. * T Cyc 
20 ...55 3 6 
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5 + wm±&mw&mm * T Cyc 

-iS 3 7 

^ 3 7 £ i£ 3 2 £ ^ S tu WBjS; 3 0 ifi& f»tl§. 

10 mwmm±&&mM®mm\z-$c?z> &5\z®m±&mmn&m%.Tz 

5t b T t> & V> „ 

»S3 7a, 3 7 b&mtt1r&5lz®M±&mmM%.ZtmM±&5g 
25 + Z MPrec \Z£ o T^^f 3 ± JP 31^ © 2 Pt^^ 
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5 + ZMPrec \Z & ^> T BtkT 2> ±fo£&ftti\ife]&0) 1 M# 

^3 7b 

S37a, 3 7 bO^n^tlCO^iam 1 JgCD^^Dir B 1«, »#£>J 
Ts ft £> Tm Ts2 & £> Tm2 £T<D$ fcl £ &&t>itfcM N 

10 7?£>tK #iaig 2^©8t#8JWfci:, Pf£lJ Tm e> Ts2 S © *B 1$ £ 

£©£rfc&30J8±#§£#:e§£, E. *i £ 5& » 3* £ * ** S n # y 
h 1 © h-*;i/©$E|5J£ (mUCMlH 0 ©$EH!£l) fcJ&Cfc^ h U # x 

1 3B©»$hfc«3±#££Ain3£aefci:, MIB® 220S516 T'lW 

^IT, ^37a, 3 7 b<DWM±&mmMmmi:. 7 a, 37 
25 b©£52Sf§2Jg©^#t;:^£ZMPrec (02 6 © ft © A° ^ - >) 
®#j^il$$i:^ttbt (Hb, ZMPrec ©#f/^->0fiTtl 
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&<Dmmfe& ^c&jt&s, m i j^m^o z Mp rec ©#jb 

acycl £fg 2 JSEIeI^CD Z M P rec <B#JBiS5$ acyc2 — fS 
3o ) > ^•ne.O^^licSr^-tP^ 3 7 a, 3 7 b (DMiL^B^^M < £ 

5 ixftit§. £<z>»^ ^3 7 b<Dmt$±fcmmftmmte, 

O *• 

0 2 0 ©S310 OMl^^Tlfct, 01 90S 2 1 0 \zm&. £ 

15 f$Wfc#fcf *^JSWfl£«l& (0 3 10X'", Y«" , Z"'mm%k) 

JLfcltfc:£ifeL, ^CD^Sr (Xe, Vxe) tt§ (Xe : i&$g}±#7fc 
? ¥4fc«* Vxe : ***±#7M*3**> . 

^^TS 2 12 i-it^., m^<Dp\i< > *aJ8-t#:7.R¥ftMi§^ (X s , 
Vxs) £&«IJh ft (Xe, Vxe) <h £IT ffiT 3 . 

20 £<D^ (Xs-Xe, Vxs-Vxe) & Jt#:7fc¥&g 3ifti£#&#m 
(errx, errvx) tP?^ 0 £3t^Tte, M IS^^^ # &»fc*T 

(Xs, Vxs) k. (Xe, Vxe) » UTHfc 

n#fe5fctr>. ftoT, ±{**¥4fc«i£ft&#&#R!S (errx, 
errvx) f; fc « & frn tffc 6 fc V* . *HIflTIS, EAT 

26 ©«fc<5fc* ±#7K¥&Mii^^^^#^^ (errx, errvx) 
&3 (Xs, Vxs) j&tflS3RttfcJfc«>&nS. 
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& s 2 i 4\zm&, n-mistc±fo7k¥-tiLmmm&H-&ftmmi 

(errx, errvx) ^, £ £ jfc U & tt& ISlJfc $ tl & tt« IS ffl * S rt> 5 

ftHftRjeTS-ftfrt) fc, *J!Jg83§&/&# (Xs+Vxs/o)0) &l*J0 
5 5S«Jfc# (Xe+Vxe/o)0) & &Xf®MWl&I&ft (X s - 

Vxs/wO) £if&$S}JKj£/&# (Xe-Vxe/oO) tOi^tlf 

S 2 1 4 <D¥!l$r#g^/^NOT&3 £ itKlteS 2 1 6 tdiltn u©S2 
10 16Tlt (Xs, Vxs) ©ttiafcHf £fr (*HJI^^Ttt2o) <DW 
Hit (X.s+AXs,. Vxs) , (Xs, Vxs-KAVxs) 
^$n^»c CUIT, AXs, AVxsIt ^-tl^tlXs, V x s ICtt 

sm3t©iR/h^<fc«*«*bTvv« - fit, ^ne.©io^flt^«^^ 
n-^n^-L^zK^^gji^o^j^^^tbT, wiBs 2 o 8 turn© m 

(03 lox 1 ", y- , wm-rnxk) 

il/cl (Xe + AXe 1, Vxe+AVxel), (X e + A X e 2 , 
Vxe+AVxe2) 7^3&J6 (Xe+AXel, Vx 

20 e+AVxel) (X s + A X s , Vxs) \Ztt JfcT £ %k$&±te$LW 
j$^^rit*b> (X e + A X e 2 , Vxe + AVxe2) \t (Xs, V 
xs+AVxs) \Zttm-?%>1&i%±fcGLWmm*M%:VTKZ>o &43, 

25 . 8J8nnnis&£ (xs, vxs) tbfc»'&tra-fct9:^'rntf «kvi. s 

2 16 e>td, jftfSS 2 10 tra«(D4Qgte.fcoT, ^lOif^^ 
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(Xs+AXs, Vxs) , (Xs, Vxs+AVxs) W^n^tlt 
&V>TS 2 1 8 \zm&, (Xs, Vxs) & £ Zfi*:<Dtti&<D®Mm.m 

s i (xs+axs, vxs), (xs,vxs + avxs) o-ent'n 
iztt~rz>±&7kw-&wmmmft&ft&m&miz. <x s , vxs) <d#i 

£) l£ J; £ &*££n£o fte^t^ (Xs, Vxs) &&Z£^<DttjB:(D 
10 *0J()Hi£#l*$ (Xs+AXs, Vxs) , (Xs, Vxs+AVxs) <D 

^n^nizft? z ±fc7k¥-tiLmmmm.R3kftmm\z £ot, ji^tk^^ 

fiRtf±#*¥^£^ft^n*M{iI#IM (Xs, Vxs) &,«/Jn35 

15 0 < 1 5 J; 5 ^HJillf i ( X s , V 

xs) #»rfcfcft5££ns. fit, dOD^^l'ifrTK^ffieJtSoifr 
fcfcSJJtHIHisIS (X s , Vxs) #ifc5£2nfcl£> S 2 0 6CM5, 

S 2 1 4 O^Jglfj^^^NO t^StS0«±i3bfcBa (S 2 0 6-S 
2 1 8<D$agl) 3&*»t)jg$ft5. 7^*3. Z\<om^> ±#:7K¥^S5iSO 

20 frfc^^o^te^ti (xs, vxs) izwmrzfeig^vQij&mm (s 

208) C*tt§S 3 0 0 (@20#I) Tte, JL<{$l£#££l jig? 

©SO $41^*$ (X s , Vxs) ICjfcfJ&f 3 S 2 0 8 ©flQ-UfccfettS S 3 
10 (020 #fli) T&^LfcfccakitS^Stl^. fbt, S214© 
25 fJIr^I^YESl^St, mVUlsfr-y (S 2 0 4) SftJJTS 2 
2 0JCJi6. S 2 0 4 <DUkQ&V)V-7*&V}i£ t *©fcWfc-£ 
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ftftftjlcte, (XO, VO) t (ZO, V z 0) \ts MBM 2 1 \Z^V 

10 ^^Jk=Tcyc (B#£iJ Te-Ts) T * § £ # IC&Jfe $ *1 .t&zk^&KSi 
&£±#&W.&m&&£&* ^n^tlEtM Tcyc #6 (f ^ 

fc>ts 2&B©fg 1 J£|hI^) <Dz£&B$tc^jftt-5;£^j8Pffiil^ (83 1 

®MvtmmmM&& ztMmmu* mmk= r icyc mm Te-Ts) -e 
15 &%t%\ztk&isntc±ftmmMx.zsMtomm&. mm T Cyc a>&s&3; 

(fft:bl3 2gg<Dfg 1 JSeIhI^W) ®^j#IBIfc^J^T^^i#fflIJ@l 
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^^TS 2 2 2Klii*, ^S#^#J$f£$:/&#q [0] Jfc 5* rt> S 3fc 

20 fe^ns, 

Q [0] = XO+VO/coO -^4 0 

25 S 2 2 4fcji3., j£##***J#l381Rj*a'q [0] &*t®&® 
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5 (mi 50X" , y" , z" mm&) frz&tzn2M®&®mii8±&® 
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^v^t, s 6 o 6 1:1*., 4>0^©mR#i&B/&##L3lA^-^ 

15 ^^WfC«> 120SO24 0^1 (^^lOSitfll 

MJ^fili^^ SBfeMJC^t^bfeM (ZO" , V z 0 " ) , 
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20 -a; 4 1 
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£frU S 8 0 4 CIS. 
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